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THEORETICAL PERFORMANCE OF HYDROGEN-OXYGEN ROCKET
CHAMBERS

By GIf,nE_.T ](. SJI-:,vI,;I_.S,_)VILLIAMA. TO-',IAZI(',and (;1.Z()R(;E,]'L KINNEY

THRUST

SUMMARY

Th_oret_¥al rocL'et pelfl)rma_tce dala ,/'m"thr In'O-

pellant combination, of liqubl hydrogen and liquid

ox,ygen are pre.,.en, t_.d in com'enient grapMcal j',rm,_
/o pe_ mit rapid det_.;'m ;nath>a of ._pccific ;mpu, l.w',

racuum, specific .impulse, and cbaracteri._'tic relocity.

Data are ,presented fl,r both .h'aze'n a;_d equilibrium.

com.po._it_on <luring expansion, fist chamber pre._.xur:._

of 15, 30, 60, 150, 800, 600, ,900, and I200 pou,.d,_

per square inch ab,_olut: m'er a whle ral_ge _!f pertain:

fuel from approximately S _o 3._ and area raliox to

approa._mald?/ 300. l,'o_ rapid calculatio_I qf th_
theoretical _ozzlc l>:lJol man,ce with orer- or ul_,:h r-

eszpan,_b)_n, sepa_altd flow, aml in,troduction q/

propelbtnt._ at di_ere_lt initial conditbm._ or h_<tt los._'

.fr,)m the combu._tion chamber, the j;fllmving th:or_tical
,htta are al._'o pre,_.cnted: om_buxt_on-chambcr temper-

alure, .nozzle-cx;t temp_.ratur_ ', ,nd the ratio o./"

chamber-pre._surc to _ozzle=exil l>re,_sure. .'U_ ea,,.!l

method ix gh,en, j'ore,_.timating theoretical specific

imrpU[Se at chan_ber press!tre.s" other than those

pre._e.nted.
INTRODUCTION

[ntel'es( in hydrogen-oxygen as a rocket l)rol)el-
hint combimLtion for a wide w_rie(y of '4)t)li('ations

inclu(|ing stages tot launch vehMes and outer

sp_u,e t)rol)('s has incre_sed the nee(l for theoretical

l)erforman(.(, data over a wider range of (_lmml)er

pressures than has l)een gen(,ra||y _vaihd)l(> (60,
150, 300, and 600 ll)/sq in. ,fl)s, ref. 1). To

answer this need, data for chamber l)ressures of

15, 30, 900, and 1200 1)oun(ls per squar(: inch
M)solute w(,re (_h'ulal, e(l.

(;enerally, ro<'ket performance l)aranteters (I ....

I, c*) hav(, I)een l,_l)ulat(,(l or ])r(,sen(,ed graphically

as a fun(,lion of pressure ratio. In (.his report,

specific impulse (lala are l)r(,s('nted, in a eonveni(,t,t,

gral)hieal form a,s funeli()ns of the rail()of nozzle=
exit. to )mzzl(,-(hroa.L area. ('Imraet(,ris(i(, v(,h)('it.y

(hm_ are pr(,se)_((,([ as fun('tions of (.]mml)(,r

pressure. These p]o(s, which may |)e ob(aim,d

in l_rge working sizes (1)y using the re(lu('s( form
in ba('k ()l' repot(), elimimm, tedious tim(,-

consuming int(,rl)oh_lio)). Tim following ('on(h-
(,ions _r(, consider(,(|:

(I) Eight ('lmml)er i)ressur('s (15, 30, (i(), 150,
30(), (100, !)()0, and 1200 ll)/sq in. at)s)

(23 A wi(h, rang(, of l)er(wnt fuel l)v weight

(7.749 1o 33.51)

(3) Equilibrium and frozen ('omt)ositi()), during

ex|)llllSioll

(4) A wi(h, range of area ra(io (1 to approx. 300)
Nh, t|,o(Is are (les('ril)e(l for using lh(,s(, (l_t,_ to

ol)(ain quick ('ah'ulalions ()r (,slintat(,s of (heoret-

i('al l)erforntan('e a( (he following (.ondilions:

(1) ()v(,r- or tm(h,rexl)a)M('(| flow in nozzle

flowing full

(2) I;low Sel)aralio)_ in nozzh,
(3) ]nlrodtwlio)_ of the l)l'opelht)_ls a( (liffer(,nt,

initial ('on(lilions or heat loss t'r()n_ (he

(,oral)us(ion (']mml)er

(4) (?hamh(,r pressures o(h(,r than thos(,

l)r(,se))l ed

SYMBOLS

n nozzle lt|'elL) S( t ill.

(_. (,oeltieient of (hrus(,, (;;,:g:I/_* 1;l'_.lt

c* ('haractt,ristic v(,lo('ily, g:l):.l.'u', f( 'se(,

% sl)e('ifi(' hea( a( ('onstan( l)r('ssur(',
(Dh/5 T),,, (.al/(g) (°K)

]: (hrus(, 1])

g: gravitalional convez'sio)_ fa('(or,

(
32.174 \.il;- for(_/\.st'('._-'/
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ll_, sum of sensilflt, enlhalpy and <!hcnfi<!al

em,rgy at lemlwratm'e 7',c fl/ntole

D sum of sensible euthalpy mid chemical

em,vgy per unit mass,

a'_(II_.'IU31, eal/g

I specific inipulse wilh alnbiellt and nozzle-

exit I)rt,ssurt,s e<lt,al, (11) fot'ee) (see)/
lip mass

It<,,. specific impulse in vacuum, (lb force)

(sec):ll, mass

31 molecular weight, "_, ,rM g/g-ntoh, or
tl)/'lb-ntoh, i

0/1: oxidlult-fm,1 weight ratio

1' static pt'essure {,,411111of partial pressm'es),

lb/sq in. al,s
ll' equivlth,nve ratio, ratio of iwo limes the

nuinlwr of oxygen atoms to the nunilwi'

of hydrogen Itloins, 2(())/(H)

T lelnl)erat ure , °1,7.

w mass-llmv l'al{', |bill/SO('
x mole frnctio.

I'atio of n<)zzlc-exit nt'ea to nozzh,-t]l]'oal

IlJ'PII, xle/.+l e

+,+ rat.to of nozzh+-st, l)aration at'(,tt to nozzh,-

l ]lvoat area, .1,/.+t t

<":,u hscri pl s :

¢1 ttiitliit+tit

(" vOllll)tlSl ion ella Illlitq'

t" nozzle exit

i ln'oduvt of vontl)ustit)n

i'll lllOilll til'+tol" flow SOpal'iliiOll

+J ill inilial <)1' <'alcuhtled tlteoi'etieal condi-

tions

]J t'o ll.,;l.tlA 1l, pl't,SSlll't,

x n l, sepiti'alion poinl

l ilozzh, l ]ll'Oitt

1 <'oi'rected for' OVel'- ov undet'expansiot_

of flow in nozzle

2 ('orrecte<t for vllit, nge in initilt, l llt,ll+t yon-

toni o[ ]:ll'OpO||anl_ Ol' hpilt lo:_ t'roni

voiiil)uslioli cln+,liilitq'

3 t'OtTt'<'ie<l for ehango in initial heat t'Oll-

lenl of pi'OFlellanls tit' heal loss front

vonilnl._iion vhaiiitltq" and OVCl'- of

undt,ri,xptmsion o[ nozzle

4 cot'l'ovled fol" flow .,+el)0A'ittion ill nozzh'

METHOD OF CALCULATION

'l'hetwetival rocket perfornill, n<'e data for liquid

h vdl'(i, goil- -litluid (+lx v_._l.+<nlit C]ltlllll)tq' ])l'CSSlil't'S +.i,f

61i, I_ti, 300, tt+l_l (i()() t)otln_ls I)t't ' stitlni'(' ilwh

ILt)+tiltlit, wtq't, ol)ilfined dh't'ctly I'i'oin rtq'tq't+il(!e I.

Addiii _tit+l lheoi'tqicfl,| p(Tfoi'nnint;e dtlltl, tl+t <']lt_lii-

lier l)l',sstil't,s of ]D> 30, 900, rind 1'2t)0 1)ound.n ptq'

+(lutl+rt hich tl,liso|ute, il:+_uiiling l:lotli frozen tuid

t,([uilit,riunl t'onipo._ilion durhlg expi+l,n.,+ion> ',,V¢l't,

I'ut'ni.+.+lied tiy the lmtlioi;'s (if referen(,e ].

Tile ('ldcuiaiion+ WPl't_ liilsed oi!+ t|ie ll+s+,+,tlliiplioil._

ti._ed in ret'oron(:o l tiil(l ltl'O ll,+ follows: 1)ert'e('t

grits ]till +, tl+dill+bi+,li(_ (:ond;,usth)n il+i ('onstli, nt pi't+s-

+tit'% isentropit' e:',cpil+nsion, liO t'riction, holliO-

_'(,iitqiit_ iliiXili_, ttnd one-dinwnsiona] flow. The

produt ls of ('otnbustion W(T¢ a.<+<'.qinied to be the

following idea| 7tl+t+_: illoliliv tiVdl'OgOli [[j hydro-

_'t,ii_ 14,.,; Wtl+it+l'_ 11+O; il, tOlili(_ t)xyTt'li , (); OX,VT('ll,

()+; and tht! hydroxyl radi<'td, ()II. The pi'ope|-

]tuil+ i++l hijt,<qion were liSStlilit,tl Io tie Itl file. boil-

itig points il,._ givpn hi tMile ] ([l'tiln rtq'. 1).

THEORETICAL PERFORMANCE DATA

Thr,,e theoretical perforinan<'o 1)tlA'llAitoteis, <"*,

[ .... at+d [, arc plotted hi figures I Io 3 for both

trozen lind oquitil;q'iuin c<lnil)osiiion dui'ilig ex-

piiAisio i t'ot' vliil, nilier l)ressUl't,s o[ 1D, 30, 60, 15ti,

;t00, Ill(), 90[)_ lLli(| 1200 t)Otllltls p('r SqtliLl'(_ hit']i

tIJ)soltlle with im l'ilIlgO O[ pt'i'COllt.. I'U('I })y weight

froin 7.749 to 33.51 as a pll, rll>liiotor.

Figti'e l is a plot of chartuq<,risti<; velocity

iigldli+ <qiilinllor l)resstlrt ,. Figures 2 tl+nd 3 ll+l'O

plots <Jr Vtl(+Illllli Slwt'iti<_ impulse ttlltl Sliet'ifi<,

iinpul<_J:,, resp<wlivcl.v, i!+7ti.iii+l ttio ratio of litlzzle

exit-lo -t h l'Oil, til l'ptt.

SUPPLEMENTAl, DATA

In o!'dcr to <'trig'till]it' theort,tictt! Fu,rforJniinco lit

condii on++-+olher than those pi't'SelilPd in lhis l'e-

port, the following supplcnit,nlttl data It l'(!

[) I'l',+'q'li ('tl:

(1) t 'onil)ttslion-cli.tlnil)<q' teinperature Itlid S[)t'-

'i[ic heat for thp given c[ntnll)er ])rosmii'es

ind I)ei'cont fuol I)y "+vei_tti, tttbh, II

(2) '%zzh,-exii lpiiiptq'ltlurl,, figui't, 4

(3) [{titio Of t_hlllilt)PF pl't'SStll't' to nozzh,-exit

)ressure, figure 5

The p mmwlers of ti_ures 4 aml .5 tire l)Vesented

a_ fun_,titms of nozz]e aret_ ratio.

METHODS OF USING SUPPLEMENTAL DATA

The Jnelhods Itnd foi'niultls prt,st:litt,d ]lel'pili are

he|pful in using l he supplonienlal ditltt. Io obltiin



THEOt/I'_TICAL PEllFORMANCE OF HYDI/Of;EN ()XY(;I,;N R/)CKET 'I'tII/U'4T CttA:XIBEll;'.¢ 3

theoreli('al l)('rfol'nli/nt!e itf ilozzh,s Ileing ot)erllted

Ill lhe folh)whi_ i!onllilh)ns:

(1) ()ver- or underexpanlh,d flow in nozzle ltow-

ing full (case A)

(21) Change in initial heat, content, of proliellants

or heat hiss from the (_Oillbtlsthiil chliiiihor

(CllSe B)

(3) (_onlt)inat.ii`)n of conllilions (l) illld ('2) {l!ilSt!

C)

(4) Flow sel)lll'alion in nozzle (case I))

(5) (_hallit)er 1)l'Ossures olher l.}iiln liiose 1)i'l,-

seni.ed (case E)

These nlelhods lilld fc, l'llitllaS apply equally well

lo eilher fi'ozoli o1' equilihriuln conillosilion dui'in 7

eXl)aliSiOll.

CASE A

OVER- OR UNDEREXPANSION OF FLOW IN NOZZLE FLOWING
FULL

The specific inlpulse c,orreci,ed for over- or unlh,r-

i`,xpli.nsion (if flow in a nozzle flow|rig full is

I_ I,,+ l,'-l>" A,, (1)

W]/(WO

Therefore,

,__= (2)
c*

_1, ] \q+ i

S / 1 1 "x (c*")= "+t #',1',-1'<;::M,) , 1,3 )

For exllnll)le, consider a ihrusl chil.int)er using

liquid hydrogen wilh liquid OX.Vgeli lid ll prl)pelhinl.

Tim nozzle has llii ai'eli l'lilio of ti and is 1,o t)e ol)ol'-

aled ill 300 I)Ot[lidS I)ei' S(illlil'e inch ll})sohlle chain-

Iwr l)l'eSSlii'o ||Jill 1:1.6 l)orei`'lit fuel with lili iiliil)ielil

pressure of 11.7 l)ounds per square inch at>sl)lllle.

The t.heoi'eiicill specific, iinpulsc wilt| fl'OZeli COlii-

I)osiiion dui'in 7 eXl)ansion is desired.

Th(, Vll|lll,S ill the ])lll'illlll,l(ws Ilel'lhql for equa-

l|on (3) lll'O |is folh:iws:

l'<,'I'_ 20.41

I,,=343 Ill-see/Ill fi'oln fig. 3(j)

1'<"1',=43 froni tilz. 5(j)

c*=72:_7 fi'onl fig. l(ll)

Thereflire,

[_ --343-- (1/4:/-- I,/2().4 1 ) (ti) (72:_7,:/32.17)

: 3(iS I tl-sec/'ll)

CASF B

CHANGE IN INITIAL HEAT CONTENT OF PR()PEIJ_ANTN OR
HEAT LOSS FROM THE COMBUSI"ION (?ItAMI]IER

The rl,sUlis i)resenie_l in this rol)(lrt al'O cot|t-

puled fol' adiallatic c.onll)USt ion with [)ri`lpolhlnls al

ilil, |nil|ill ienll)eriliures indicllled in lilllle 1. A

ciialigO in heat, eoillenl (t[ the coint)uslhlii g'ilSeS in

lhe conit)uslii`)n chliliil)(,r would resuh, for i.,xiliiil)h,,

fro|l| llelll, loss ill the (_Oliihuslioli chaiiillor OF frolii

ihe inlroduclion of lhe pi'ol)elhmls ill il tt,iili)t'l'il-

[ill'l.' t)lht'i' l]lliil lhe one indicated. The corrected

specific inlt)uise assiuning iselil i'opil! expansion and

the SiLIII(, conitmslioi_ and exii pressures lis in lhe

inililll oil|cull|lions lnliv llO closely Itl)l)roxiinliled

Ii 3" lhe folhiwing equlilioli:

( _v,, 4>
- 7'<),>

whlq'(, A]_c is Ihl, (!}lalige in hoili ('oilll,ill of ih('

('oinl)uslioli glisos in tim conllillSliOn chi_liiher lill(l

lhe suliseril)l o in(li('llh's file original values of the

1)lll'liliioloi's. This (,qllliti(tli is dl,i'ived exlictlv in

referent(, 2 for l}lese condilions (isonlrol)i(' exl)ali-

sion lind (_OliSllinl, l)i'(,SStli'(, i'lilio) lili(I elililaiils a

se('(ind-order lorni. Aclually, if pressure rlilio is

hehl coiisllilll., li (thlillgl! in holil (!oliloill ()f ihe

/'Ollllluslion gases gi'llOl'ilil.V will i'eqllil'(, _i chlillgl,

in al'l'li, raii(); lind (,OliV(q's('iy, if' ill'Ca ratio is hehl

I'l)liSllllll, Ill(' ])l'('SSlll'e ratio will i`'hlllig(,. Ilmv-

OVOl', lilllilel'OllS Cillcullilions have been ill|ill(, Ill

(tl)llii)lll'e the ll[)l)l'OXilillilo Vll|ll('S (if Sl)ecific

inipulsc |IS giVt'li lty oqulitioii (4) llnll the trill!

lhet)relica] vlihies. These calcuhlliOns indi('ale

thai Ilv drol)l)ill 7 liie second-order lerln ilild

iiSSliliihlg I)resslli'e i'lilio and ill'Ca ratio to ho.

COliSllilil, lhe elTOl' involved is illIOIIt Olil' inll)ulso

unit.. This lil'dt'l' of t'ITOI' should hohl sis h)nlz |is

AD, is ]io iilt)rl' 1}llili st'VPi'al hlilllh'tql calories per

]l'lilll of I)ropelhinl. The lit'l'lll'licv of l)h>llili7

lliid roliding lho curves is prohlihly liO 71'elller

i Ill|it lifts.

(']lai'acterisiic velocity c* is li]so all'el:led hv it

ch.liliTe in lile heal COlilelil. of file Clliniluslh)n

gli:.q,s. Frolii

c* ._h.l< (5)
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tho cm'rcrt,,d c*, bet'olnes:

c?_, c* " I 61
" [, (_s,'.:

The ratio ¢ '_,.<,/( '_',2 llil,_ boon rlih'uilllod and [oun(t

lt) dcvilile l'rolii unity llv loss Ihali ti.til)l livor li

_vhh, rltllgt, (l[ coii(litiolis. Thorl,foro, for all

praclical ])lll'l)OSes tho |'alto t.ali I)e lnl,;eli _ls e(tlllil

ll) tit|it,,, ltlill e(lulliion (il) I'etluros Io

The t.l)rr(,(!tod chai'it(!ll,ris|ic vohwilv c_ is dt'ter-

liiililql I)y subslitUlili V lht, values (if [,, I_, ailt[

c<*, (7577 fl/_ev fl'oln fig. l(a))inlo eqlililioii (7);

I her('l'Ol'(',

' (o

" " \:),_'5 f

CANE c

('OMBINATION OF CHANGE IN INITIAL HF, AT CONTENT OF
PR()PELLANTN OR HEAT LOSS FROM TilE COMBUSTION
CHA]_iBER AND OVER- OR UNI)EREXPANI)EI) FLOW IN
NOZZLE

As all illuslralion, li lhrusi chlunlwr ilSilig

g'ilsO(lllS ]lytll'ti]tql ill 2;5 ° (_ willt liquid oxv]t'll its

il ])rl)l)elialil i_ ('onsi(iured. Tht, litizzh, }lil_ ,till

ill'I'll ratio of lit niid is Io tie ()l)erlilcd ill, il chaint)cr

liresSill't, o[' 150 pounds 1)or ,,.;(llliii't ' inrh llt)sohite

llll(l 15.21 ])er('onl. fuel. The aiiit)ienl lii't'SSUl'e is

llilil llptlossllry fl)l" ideal exl)alision. Tlio lheoi'('l-

ical tlintrat:ll,risli(' velocity and SliC(qflc iliil)ulse

with equililu'iuin (_Oliil)o,ailioli tlUl'ilig exl)liliSiOl/

li l'l, desil'od.

'the t)ai'_iliiolt'r Va|llt,s liei'eSSnl'V for C(ltllllitlli

(4) lIFO llS t'(lllmvs:

(T<.)<, 3231 ° K froiii lal)h, II

(T),,_ 1s!t5 ° 1( t'roin fig'. 4(g)

Io 3S5 lb-sor,'lt) [1'Ottl fig'. 3(g)

t:tti' tiffs oxlinll)h' , AD<. is the onthlilliy rl,quirt,d to

/.OliVel'l. liquid livdi'ogon Itl its boiling lminl to

gas nl 7,5 ° (' per g'rlilil of ])rol)ollant. Frl)lll

iablo I.

Alia,-- 1b94 ral/liloh'

For 15.25 1)er('ent hydrogen liv we|gilt.,

llllli

2.016
3I 0.1525--13.22 g'"nlo]0

A .. Al l°r 1_94
##_= ,1[ -13.22 -143':lral'g

Tile (.orr(,cled Sl)('('ific inlpuise r_ili ll()w lit'

ol)tilinod liv sutistiiuling ilw I)rt'rodilig ,<allies

inlo t,ttualion (14); th('r(,fore,

()1'

' . r." t 1895",
1_= ,J,So)'-_ S7 tl--:,t_) (143.3)

I..,= 392 ll)-seo/lll

Th,' Sl)('t'ifi(' inll)ttlse corr('('t,,,d for rlinng(' ill

illiliili ileal ('()lilOlil (if pl'OpolililltS lili(] for over- or

illidel oxl)an:.:,iOli (if tlow is

I I " I'_--P._= _+-- -L (<s)
w '2

whoro, l_ is obtilined froln equal|on (4).

bining equations (2) and (7) gives

( !o111-

IS>,A,<jA(so)w2 = / , -/ (9)
\ ('_ I\12. " "

By the use of o(tuati(in (9), equation (8) be-
1'OI110:

_ (_

\ .q,-/

1 1 " c*)0"(7)(',:i)(10)

Th,' oxainl)h' girt'It ill ('lise B is /iso(t to illustrale

llie u_o of lids O(lualion. All (,oiidilions llA'e ttie

SlilllO wittl the excel)lion lhai lht, llnll)irnl l)i'ossure

is 5.il l)Oilii(Is per S(lillll'e inch ilt)SO]lli('. Th('

tlicor 'tiral Slwcifi(' inil)ulse will| e(luilit)riuni ('Olll-

i)osilTon (]tlring' oxl)iillSilln is desil'e_l.

Frl,lil ('llSO II,

I,,--3S5 ll)-s('r!lb

10

l'_/I)<, -30

12-392 ]b-set'ill)

* .... fitsecCo_-- i;)l i

The roniaining "value no('essnry for equal|oil (10)
is

PdP_=73 from fig. 5(g)



THEORETICAL PERFORMANCE OF HYI)IIOGEN-OXYGEN ROCKET THRUST CtIA_,IBERS 5

Subs( itu, ing into e(luation (10) gives the spot'!tic

!in pulse ('orre('ted for change ill !nil ial hi'at con(('n(

()I' l)ropelhmts an(I for ()vcr('xl)attsh)n of ilow:

,, {"_1 1 11')) 17577_% 13)!)2%L lr< ,,,:>,,,£,

= :345 ll)-se(./lb

CASE I)

FLOW SEPARATION IN NOZZLE

The specific iml)ulse CmTt,e(ed f()r flow SCl)ara-
(ion in (he nozzle is

P,--P,, A.,.+I>,,_--I),,Z,---I,.+--: (,L---|() (11)

where I_ is (he th(,or('li('al Sl)('cifie iml)ulse t'()r-

respo]Ming to the S('l)arali(m area ratio e.,, whic])

is de(ermined })y the S('l)nraiion l)rt'ssm'(" ratio

l)jl>._.

Nluch t'xl)erit)It'n(al w(wl,_ lilts |)('(,n ('ontlu(+le(l it)
(let(,r)))ine the wdu(,s of 1)_ an(l P,, (see rcl's. 3, 4,

'mtl 5). l{(,f(,r(,nce 3 slates that the st'Imration

l)l'(,ssurt, for a n()zzh' is a func(i()n only of l)olh

altll)i('IH l)]'('SStl,'( ' nl)(l n()zzh' _(,()ln('Iry. l)aia

from vnrit)u,g sourt'('s iIMi('n((' (]m! S('l)arati())i

pressure is insensitive to other !low param(,ters
ilwluding lluid l)ropertit's ,m(l eompt)sili(m.

I} 3"rearl'anging (t,rms anti })y the us(' of equath)n

(2), (,qualion (11) be(.om(,s

i, _. /c*',r /P_ P.,'. [l',. p__]

To illustrate (he u._e or this (,qu.t(ion, a liquid-

hy(|rog(:]l li(lt id-oxygen (]wu_t chamt)er with a

conical nozzle }mvin,,g a 15 ° half-lmgle divergence
and an qrea ra(i() of () is comd(lercd. The (hru._(;

chamber is (o hi, ol)t,ra(ed at :L chamber 1)re,<sure

of 150 pounds per square iJmh abst)lu(t, a( 17.35

p(,r(!ent fuel wi(h 'm ambient ])r(,-;sur(_ of 10.0

pounds l)er square inch absolute. The spet!ific
iml)ulsc with froz(,n c()ml)ositi()n i_ dr,sired.

The ",,'!Jill(' el l)s, t)btai)w(l from reft,r(,nce 4,

is 3.56 pounds I)er square incit al)s_t)httt,. Th(,re-

fore, ]'$1'_--150/':'.5(_--42.1. By u_e (if (his

value and ligm'e 5(hi, <, 5.S. With this value

and refer(,)we 4, l',,_ t'a)l l)(, ol)(nine(l and is 4.7(_;

pounds per square ini.h ab,_olute. Using (hi, vnlue

of e_ :_ntt tig'm'e 3(hi _ivt,s

I+:359 lb-s(,(/It)

Fr<)m figure 1 (b), c_ 7(i21 t'ce( l)er sect)nil. Th(,re-

I'())'(,, !he (!o)'t't,tqt,d Sl)t,('ilh: impuls(> )'<w )mzzh, St'l)-

nra(ion rmm oqu,ti()n (12) is

,,;,). /7(,21 ", [5.S (:L56 4.7(;_

(4.76 10.()'_']
+(; _,i,Td K)i)/j

-_'29S lb-se:'/tb

Pa)'am(,l(,r

CASE E

ESTI1M ATION OF THEORETICAL SPECIFIC IMPULSE AT

CHAMBER PRESSURES OTHER THAN THOSE PRESENTEI)

Theft, are In)my n|(qhods and t)|'oee(h|r('s l}lat

c'u| lie used to (,;!imate accurately (ira theoretieM

Sl)(,citie imlmls(, at ehlmit)er pressures o(he|' than
(hose l),'e'<en(('(l in Ibis |'epor(. One method of
usiw' the (hl(a is described herei)l This melhod

is valid ovec (lie entire |'ang(, or 1)|'t,>_sur(_ 1)|'ese|lted

but is ilh)straie(1 ()nly rot' a l),rlitmlnr ran/(, t)f

1)|'essure.
As nn t,xaml)le , a liquid-hydrog'en -liquid-oxygi,n

(hi'list ct)amll)er i_ considered. The nozzle has

{ill area ratio t)[ 5 and is It) |)e oI)eraled :t(`

a chamber 1)ressure or 350 l)(')Illlt|S per square

inch ,'||)soh|(e and 15.25 1)(,tee)d, fuel with an

ambient 1)t'essur(_ of 14.7 p()unds per square inch
absohi((,. The theol'etieal speeitic iml)ulse with

equilibriu|n comI)osi(ion du|'ing expa||si(m is de=
sired.

By use of equation (3), lhe (heot'ctical specific

iml)ulse can be. calculated a( 15.25 |)el'cent fuel
'tt, (.hamber pressures or 150, 300, i|ml 600 pounds

per square inch :d)soluie. Tim necessary (hlia

are o!)(ained from the ;q)l)rOl)|'iate oln'ves a|Itl

arc as rt)llows:

Chamber pressure, ]h/sq in. al)s

;)r P,r

lo
t ) I,c ,

(',_

15O

5
10. 21

351
2S. 4
7577

300 (100

5 5
2O. 41 4O. S3

352 354
2!). 0 29. 5
7669 7(ill!)

l,set'(ing (lles(, (hlla i)il() ('tluatio|_ (3) gives

(I_)_,_0-- 277 ll)-set'/Ib

(/_)a00 335 lt)-sec/lb
(1"i)600-- :_(;,_ lb-see/lb

A phil ot lht,or(,li('al slice!tic iml)uls(' against

(:haml)(_r 1))'(,ssurc wi(h t)ert't'n! fuel as a param-
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eter can then he In:Me tm _omih)_ paper ._
follows :

380 " r

F'qul_i br ium exp(]n s_on

360- -( : 5 n abs_ ''/'_PO = 14 7 Ib /sq

340-

32O'

/" - 5.25 percent H2

_" 300- / by weight

/280+

260_
100 150 200 300

PC' Ib/sq in, c3bs

400 500 600

Fr<)m this plot the spe('ili(' impulse at the desired

{'hlilllh('l' pr{,satll'(, o[' ;{;_0 potlnds I)('l' S{ll.lal'O Jll('h

al)soJute is roun<l to Iw 343 pounds I}er se(.on<t per

pOtilid.

This samo l_rO(,(,dtm,can b(, ('aPriedout for

oli.,rper{'t,tlta_es()I'fuel so that a ('rossplot or

spe(.ifi<,impulse .xainst lwr('entfuel <'an I.;ob-

lairl(,(J t'or allV <'}l_llllJ)tq" I)l'eS_tll'O within the I'_lrlEe,

of 150 to 600 I)OmUI_ ])or s(ittial'( , ill('}l at)solutt,.

This is particuhtrly useful and timesaving when
test (lain are ()t)tain(,d with tlw sail., tlu't|_l ('}lain-

be/' 4t Vttl'iOllS <']lHll}J)iq' [)I't'SSIII'('S.

('ON('I,UDING REMARKS

This Pel)ort ('<}]_tahls the()reliunl (laln on hydrogt,n-
.xy_en as a r(wl,:et l)rOl)elhtnt <'omhimtti(m over

a wide range of ('hau_l)(,r pressures (15 to

12(}{) ]b/sq in. al}s). ('()nventi<)n.I ro<.k{,( I).r-

l'orJlmn{.c I)ttl'aJIi{'t{'l'S apt' ]}r<,s<,nl<,d i)rinlal'i]v as

l'un('tons of oXl}ansi()tl ut'+Pa Patio, so tlmt ill(+

]}tq'l'<+rnmn('e is relnt<,d lo t,n_in(, _t,OlHtqr\ rather

tlmll h) tll01'lllo{'h('llli('til I)al'alll(,tor:+-; n_ i_ tlStltt]lv

dun(+. 'Phi+ form oI' pr<,senl+iti()n alh)ws rnl)i<I
.n{l :t<'curah* calcuhtti<}tl oI' the{)rtqh'al l)ePr<)rm-

ltlH'O r<)P ttHV h+v<Iroffen-<+xy_<m rocl,:t,! lhrust

('httlil)(q' boill_ o])ePtttt'(I at ttl).V (']IttJl+bol' l}r(,ssuro

withill this I'nllKe at (I(,sigll oP oIr-(h,si_]l ('on,{i-

lions. Thl, oJ]'-d('._i_ll ('(+lI(]iti(}n:..+ in<'hMt, ovof <)r

tllllJlq1('Xpttll(J(qI flOW ill ll()zzl{',flow s(,l)+lrlttio]] ill

nozzle, intr<}(hwtion of the 1)rol)elhinls it| it <lir-
f(,r(mt h,vel <)f h(ql| ('()lllolli {)l' }lottt loss t+l'Ol!l |}w

('()till) lstit)ll <']lt|llll)('l'.

I,l+:Wh"-+ ]{ESEAR('II (_ENTI¢I{

NAT;I}NAL AF, R()NAITIP_ AND _I)A(;F. AI)M]XI_I'HA31(}N

('t EVEI, ANI), ()Ill(), 3l+trHi I3, 1,96l
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